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ERRATA
DESIGN, FABRICATION, AND EVALUATION
OF A MONOCHROMATIC SENSITOMETER
Page 20, line 18, change "(10 to 20 mm peak to peak)" to read
"(10 to 20 nm peak to peak)."
Page 21, line 21, change "mole" to read "mold."
Page 21, line 28, change "Lab" to read "tab."
Page 26, line 15, change "are" to read "is."
Page 35, line 1, omit comma following "made."
Page 35, line 5, omit comma following "observation."
Page 40, line 12, change "measure" to read "measured."
Page 41, line 3, change sentence beginning with "The variance..."
to read, "The variance was computed for High-Speed Infrared;
however, processing problems encountered between replicates
of Pan X prevented determination of a similar and correlative
(hopefully) value."
Page 41, line 9, change sentence to read "The fractional
exposure error is 0.061 for the materials being tested."
Page 43, line 1, change "are" to read "is."
Page 46, Appendix A-l should be renumbered to page 48.
Page 47, line 1, change "Appendix A" to read "Appendices Index,"
also renumber page to "46."
Page 47, Item B-3, change "Disassembly" to read "maintenance."
Page 47, Item E-3, change "Microswitch stack" to read "Platen
with gate latch closed."
Page 47, add item "E-4 Microswitch Stack."
Page 48, line 1, change "Appendix A con'd" to read "Index cont'd,"
also renumber page to "47."
Page 49, 50, remove and replace with new 49, 50.
Page 68, change "Appendix C-l-1" to read "Appendix C-l."
Page 69, add "Appendix C-2."
x
Page 70, add "Appendix C-3-1."
Page 71, add "Appendix C-3-2."
Page 72, add "Appendix C-4."
i
Page 73, add "Appendix C-5-1."
Page 74, add "Appendix C-5-2."
Page 75. add "Appendix C-6."
Page 76, add "Appendix C-7."
Page 77, add "Appendix C-8."
ABSTRACT
An intensity scale monochromatic sensitometer was constructed using a
Bausch and Lomb single-pass diffraction-grating monochromator as the
dispersing device. A ribbon-filament tungsten lamp was used to supply
the radiant energy to the monochromator. The instrument was calibrated
2
radiometrically and was shown to have a maximum irradiance of 10 ergs/cm
2 2
at 425 nm, 43.7 ergs/cm at 550 nm and 26.1 ergs/cm at 700 nm. Exposure
is accomplished by transporting the film and step tablet past a slit at
a constant velocity. Several film velocities and slit widths are available
to produce exposure times ranging from 0.003 to 2.0 seconds. Spectral
sensitivity measurements were performed on KODAK Panatomic-X and KODAK
High-Speed Infra Red materials. The results were compared to information
supplied by the manufacturer. The differences between the Rochester
Institute of Technology curves and the manufacturer's curves were within
6 percent. The uncertainty in sensitivity of the materials being tested
was found to be dependent on the local slope of the H and D curve at the
density value selected for the determination of sensitivity.
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Introduction:
In the study of the sensitivity of photographic emulsions, one of two
basic methods of investigation can be followed:
a. response to wide-band radiation, or
b. response to narrow-band radiation.
With wide-band investigation, one is primarily interested in the behavior
of a photosensitive layer when exposed to a light source of rather wide
spectral energy distribution, such as a tungsten lamp or daylight. Narrow
band investigation is accomplished by irradiating the recording medium
with a very narrow band of radiation (that is, mean wavelength X and
spectral width AX, where -r << 1). This narrow-band sensitometry is
1
referred to as monochromatic or spectro-sensitometry.
It has been the desire, of members of the Photographic Science faculty,
to conduct investigations into dye sensitization and spectral sensitivity
of photographic emulsions. The instrument, required to conduct such an
investigation, is currently available on the commercial market; however,
the selection is very limited and the instruments are very expensive. At
this time, budget restrictions prevent the acquisition of such an instrument.
The desire, and the need, for a monochromatic sensitometer gives rise to
this paper and the following objectives:
1. A monochromatic sensitometer will be designed to
expose a test sample with narrow-band radiation
of known irradiance in the spectral region from
350 to 750 nanometers (nm) .
2. The instrument will be designed to incorporate
a Bausch and Lomb (B and L) grating monochromator
as the monochromatic source.
3. The uniform density areas corresponding to a
particular exposure level at a particular wave
length (X) shall be large enough to examine
with a macrodensitometer equipped with a 2
millimeter (mm) aperture.
4. The radiant source shall be of such a magnitude 2
as to yield 0.07 ergs/cm2 at 425 nm, 0.45 ergs/cm
at 550 nm, and 5.5 ergs/cm2 at 710 nm. These
irradiances are sufficient to expose a relatively
slow material, such as KODAK Ektacolor printing
paper, to a density of 0.8 above fog.
5. The instrument will be used to derive the spectral
sensitivity of several samples of film. These
curves will be compared to those curves supplied
by the product manufacturer in order to determine
the capability of the instrument.
6. The instrument's exposure variability will be
measured statistically.
DESIGN CONSIDERATIONS:
Types
From the study of spectral sensitivity of photosensitive materials, two
basic instruments have evolved, the spectrograph and the spectrosensitometer.
The primary objective of each type is to expose a photosensitive medium
with light of narrow wavelength bands.
The spectrograph exposes a medium to all wavelengths simultaneously.
Simultaneous exposure is accomplished by allowing the spectrum of the
dispersion device to irradiate the film. Normally, the irradiance of this
type of instrument is not calibrated with respect to wavelength. The
results of this instrument are, then, meaningful only when compared to
other exposures from the same instrument. The instrument yields very
3
rapid qualitative results. Figure 1 shows a typical wedge spectrogram
with wavelength along the length of the film and relative sensitivity
across the width.
FIGURE 1. WEDGE SPECTROGRAM
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The spectrosensitometer, by way of contrast, requires careful radio
metric measurements of the spectral energy distribution of the source and
spectral transmission of the associated light path. Normally, the spectro
sensitometer is utilized by taking a graded exposure at various intervals
throughout the spectral range of the instrument.
These exposures are then processed, and an H and D curve is plotted for
each wavelength. From the above data a quantitative spectral sensitivity
can be computed for the subject record. It can be seen that considerable
time is involved in data reduction. This time can be reduced by the use
of computers.
One other instrument has resulted from sensitivity studies, the equal-
3
energy scanning spectrosensitometer. This instrument uses a motor-driven
dispersing device. As the dispersing element is driven through its range,
the exposure slit is irradiated by consecutive wavelengths. The film is
then passed across the slit at a rate corresponding to the* scan rate of
the spectrum. The instrument uses various devices to monitor and control
the output of the source to yield, essentially, an equal energy exposure
at all wavelengths. The output of this instrument is similar to the
spectrogram. The wavelength axis is along the length of the film and
the relative sensitivity is shown across the width of the film. The
record obtained from this instrument is, like the spectrogram, only a
qualitative indication of sensitivity. Quantitative information can be
obtained from this instrument by using the same techniques used with a
spectrosensitometer.
The requirement that the resulting records be examined with a macroden-
setometer dictates that rather- large areas of uniform density must be
present on that record. The scanning spectrosensitometer uses the length
of the film as the wavelength axis, and sensitivity information at any
one wavelength is contained in the width of the film. Because of energy
and optical considerations, the width of the film is normally 35mm. This
relatively small width dictates very small intensity modulation steps which
are difficult to read with a macrodensitometer. Therefore, the spectro
sensitometer will be constructed to expose the medium one wavelength at
a time with the intensity modulated lengthwise along the sample.
ESSENTIAL ELEMENTS OF A MONOCRHONIATIC SENSITOMETER
In the design and construction of a monocrhomatic sensitometer, one must
consider the following elements;
a. a source of radiant energy,
b. a method for separating narrow spectral
bandwidths from the radiant source, and
c. a method for exposing a test photosensitive
strip with narrow spectral band widths .
A block diagram of the components required in the instrument is shown
in Figure 2.
Source
In the selection of a light source one must consider the following factors:
a. spectral region of interest,
b. life and envelope blackening,
c. uniformity of radiation/unit area of
fi 1 ament , and
d. stability of power source.
The region stated in the objectives is primarily in the visible, 350 nm to
4
750 nm, therefore a tungsten-filament lamp operating at around 2800 K
will yield sufficient energy to meet established criteria.
Basically, there are three types of tungsten- filament lamps available:
a. helical filament,
b. helical filament in a halogen atmosphere, and a
c. ribbon filament.
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Considering lamp life and uniformity together, it will be found, under
existing circumstances, that the ribbon- filament lamp will adequately
meet the specifications. In order to extend life and lessen envelope
blackening it will be operated at less than rated voltage. This relatively
large, flat area of the ribbon filament yields an exceptionally uniform
field over an extended area.
The superior performance of the halogen lamp (especially with a quartz
window) makes it very attractive for use. Unfortunately, the regeneration
cycle of the lamp produces hot spots on the filament, which combined with
a helical type filament, produce a nonuniform illumination.* An integration
bar would probably render the above system acceptably uniform, however,
the scope of this paper cannot encompass the additional project.
The lamp selected was a General Electric 18A/T10/1 with a ribbon filament.
The filament is of the SR8 type (vertical alignment to correspond to
vertically oriented entrance slit of the monochromator) . This lamp was
designed to operate at 18 amps and 6 volts, (approximately 3000 K) however ;
in order to increase life and reduce envelope blackening, the lamp has
been operated at 16 amps (approximately 2750 K)
The lamp is housed in a forced-air cooled housing. This housing is mated
directly to the blocking shutter assembly. A discussion of the blocking
shutter will be found under Electronic Sequencing and Control, later in
this paper.
MONOCHROMAT I C I LLUMINATOR
The selected source must be modified in such a manner as to yield energy
of relatively narrow spectral widths, (on the order of 10 nm at the
half-
power points). This can be accomplished with either dispersion instruments ,
such as diffraction gratings, or with narrow band-pass filters, such as
interference filters.
The availability of a B and L Monachromator, along with its greater
versatility (that is, ease of changing wavelength and bandwidth, and the
range of wavelengths available), led to the selection of the diffraction
instrument over interference filters.
The B and L instrument uses an entrance slit (rectangular) uniformly
illuminated by the Source, to illumiate a 100mm by 100mm reflection
grating. (1200 lines/mm)5. A first surface spherical mirror is used
as the collimator. (See Figure 3 for optical schematic).
Incandescent Source
Condensor Lens
Grating
Collector
Lens Spherical
, irror
Exit
Slit
FIGURE 3. OPTICAL SCHEMATIC
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The instrument configuration approximates Littrow conditions with the
incident angle equal to the reflection angle. Therefore mX = 2a (sin 3)
where :
m = diffracted order,
X = wavelength diffracted,
a = grating constant, and
3 = diffraction angle.
Using the above expression and a first-order spectrum, one can compute
the angle of diffraction (3) for any wavelength (X).
Assume X = 500 nm,
therefore, sin 3 = * ,
/,<x
500 x
IO"9
m
or^ Sin B = 2 x 10-b m
sin 3 = 250 x IO"3 = 0.25.
To estimate spectral purity ; (that is, spectral profile at a specific
diffraction angle) one must calculate angular dispersion, (-rr-) .
,-d3 ,
or linear dispersion, f-rr- , where:
f = effective focal length.
If the above expressions are applied to the B and L, model 33-86-49.
monochromator, with a wave length -drum setting of 500 nm, the linear
dispersion is 0.518 mm/nm.
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This figure would lead one to expect, using an exit slit of one millimeter,
a spectral bandwidth of about 2 nm at the half-power points.
The monochromator is certified to have less than 0.1 percent stray light
with a blaze angle of 0.3 microns.
EXPOSURE MECHANISM:
The final unit of importance is the device which will use the spectral
source and produce a graded exposure of known values.
INTENSITY MODULATION
The exposure received on a point of sensitive material is a product of the
irradiance at the surface of the material and the exposure time. Two
types of exposure modulation are used in sensitometry. Time-scale
sensitometry is accomplished by maintaining a constant irradiance and
varying exposure time to produce discrete exposures. Intensity-scale
sensitometers incorporate methods of irradiance modulation and at the
same time maintain a constant exposure time. Because of reciprocity-
law failure, time-scale sensitometers have a definite disadvantage in
spectral sensitivity determinations.
Intensity modulation has been approached from several directions in the
7 8 9
literature. Morrison and Hoadley , Evans , and Jones and Sandvik
utilized precision-machined sector wheels rotated at high speeds to avoid
intermittancy and reciprocity failure. Mees and Wratten , Shepp and
Walker used step tablets or wedges.
12
The requirement for precise machining associated with sector wheels
makes them more unattractive than step tablets; therefore, it was decided
to use an M-type carbon step tablet approximately five inches long. The
choice of M carbon avoids the spectral selectivity associated with
12
Wratten 96-type carbon tablets and silver/gelatin tablets in the visible
region. It is recognized that the geometrical methods (that is, sector
wheel) are not spectrally selective.
It may be well to mention, at this point, that provisions were made for
additional neutral density filters to be placed in the light path. These
filters can be of any type as long as their spectral selectivity is known
and the filters are of the same size as a standard 35mm slide mount. The
filters are placed in the beam (between the two elements of the monochromator
condenser) in the blocking shutter assembly.
It should be noted that energy from second-order spectra, or higher, can
occur within the energy band of the first-order spectrum when using
13
diffraction gratings. In the case where the visible spectrum is of
interest, second-order ultra-violet energy can be expected unless it is
suppressed. By using a tungsten source, enclosed in a glass envelope and
operated under rated voltage, the visible spectrum, practically speaking,
can be considered to be free from such order overlapping. If, however,
in the future a quartz lamp is used, a filter must be used to suppress
these overlapping orders. This filter can also be mounted in the afore
mentioned filter holder.
SPEED CONTROL
It can readily be seen that, if a piece of film is transported past a slit
of known dimensions illuminated by the monochromator, the exposure time is
the product of the slit width and the velocity of the film past the slit.
Furthermore, it can be seen that the film must remain at a fixed distance
13
from the slit. Thus a logical timing mechanism seemed to be a wheel, or
platen, with the film mounted on the circumference, rotated past a slit of
known dimensions. The product of the angular velocity of the wheel and
its diameter will yield the linear velocity of its circumference (and
therefore the film).
Several problems associated with the rotating wheel become immediately
apparent. First the platen must remain at a constant speed throughout
the exposure cycle (passage of the film by the slit); and, the speed must
be repeatable from exposure to exposure. Utilization of a synchronous
motor will yield a very stable speed which is independent of local voltage
fluctuations; and, because it is sychronized with the frequency of the
alternating current, it is repeatable over a long period.
Secondly, in order to attain an exact angular velocity, it is important
that velocity reduction, or increase, from the motor to the platen be
constant. This constancy can be attained by using timing belts and pulleys
in the drive train. The gear noise, which can result from the teeth of
the belts and pulleys, can be damped by using a relatively heavy platen
whose inertia will tend to resist speed changes.
The third problem which arises with the use of a rotating platen is the
location of the irradiance modulator or step tablet. The step tablet
must cover the film in transit, and must be very close to the film.
These requirements dictate that the step tablet must be mounted on the
circumference of the platen in close proximary to the film. At this point,
another restriction becomes apparent. The step tablet must be handled
or moved to allow insertion of the subject material. To prevent scratching
and fingerprinting the step tablet, it was decided to mount the scale in a
14
fiberglass gate. The gate fits the exact contour of the platen and
hinges on one end to allow the operator to swing it out of the way during
insertion of the film. When the gate is closed, the step tablet is
brought to within 1/32 inch of the subject material. The gate is also
used to hold the material in place on the circumference of the platen.
To increase the versitility of the instrument, two intermediate shafts
in the drive train, along with a variety of timing pulleys, are used to
attain seven platen speeds. These platen speeds, along with three inter
changeable slits, yield 21 exposure times, with some redundancy. The
platen speeds and required pulley sequences, along with exposure times
generated by each slit/platen speed combination, are shown in Appendix A-l,
To facilitate changing platen speeds the synchronous motor and the two
intermediate shafts are mounted on slide "cars" which move back and forth
independently of each other, on stainless steel ways. Once the correct
pulleys are in place, the belts are tightened, by moving the individual
cars and locking them in place with brass thumb screws, one at a time,
starting with the platen belt.
The exposure slits are mounted on a baffle plate located between the
monochromator and the platen. There is 0.187 inch between the slit and
film plane. The monochromator is located 2.25 inches from the film
plane.
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ELECTRONIC CONTROL SEQUENCING
The exposure sequencing and monitoring is accomplished from a small
ancillary console. The sequencing is accomplished using cams and micro-
switches, located on the platen shaft, and relays located in the
console (See Figure 4) .
It can be seen that, when the motor is actuated, there is a brief time
of instability in the platen speed. This instability is caused by gear
slack. To allow for stabilization, a thermal relay is used to delay the
start of exposure sequencing for approximately 10 seconds after motor
actuation.
Two additional relays are used in conjunction with cam-actuated micro-
switches. The first relay is used to prevent a partial exposure. (That
is, opening the blocking shutter after the film begins transit of the
exposure slit.) This relay serves as an enabling relay. In addition,
the cam which actuates the relay, is a 5-degree dwell-angle cam oriented
approximately fifteen degrees prior to film transit. This relay supplies
power to the microswitch which controls the solenoid-operated blocking
shutter. The second relay is operated by the number 3 microswitch and
5 degree dwell-angle cam, oriented about ten degrees after film transit.
This relay allows the blocking shutter to open only once during each
cycle (motor actuation to motor shut down) .
The initial instability of a heated-tungsten filament requires that the
lamp be allowed to operate for approximately fifteen to thirty minutes
prior to use. This requirement dictates lamp operation prior to, and
throughout, an entire exposure series. As a result the light path must
be blocked until just prior to the time that the film passes the expo
sure slit, then radiation is allowed to impinge on the slit for the
duration of film passage.
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This blocking action is accomplished by placing a normally closed solenoid
actuated guillotine shutter between the lamp house and the monochromatic
illumination optics. The solenoid is actuated by a cam-operated microswitch.
This cam has an 80-degree dwell angle. The cam is located between the
two aforementioned cams. The shutter is removed approximately five
degrees before film transit and closed about five degrees after transit.
The blocking shutter can be operated manually by means of a toggle switch
mounted on the solenoid housing. Power is supplied by an additional 110 volt
power cord. The purpose of this mode of shutter operation is to allow align-
ment and focusing of the lamp filament on to the monochromator entrance slit
and to allow focusing the grating image on to the film plane. Extreme caution
must be observed to prevent:
a. overheating the solenoid,
b. warping any neutral density filters which may be located in the
light path, and
c. failing to return the shutter switch to the auto mode.
FABRICATION
The machining and sheet metal techniques involved in this project are, for
the most part, standard practices. Therefore, the fabrication details will
consist primarily of the detailed drawings used. Special or original tech
niques are fully described.
A. SPEED CONTROL (APPENDIX C-l)
The platen dimensions were arrived at by first taking into consideration
planned-exposure-slit sizes and available timing-pulley ratios. The output
speed of the Holtzer-Cabot motor is 30 revolutions-per-minute (rpm) . With
these data and a projected maximum exposure time, it was possible to compute
desired diameter of the platen as 8.020 inches. The platen was turned from
2-inch plate aluminum (6064 alloy) stock. Flats were milled into the circum
ference on either side of a 5.5-inch arc to accept the hinge and latching
device of the step-tablet holder.
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The rough platen was predrilled with a 0.5-inch diameter hole, to accept
the main shaft, prior to initial lathe work. The blank was then placed in
the lathe, using a 0.5 inch-diameter shaft through the hole as a mount. This
procedure ensured that the circumference would be concentric with the axis
of rotation.
The speed control frame and the intermediate shaft cars and motor cars
were constructed from 0.25 and 0.50 inch-thick aluminum plate (6064 alloy)
and 1.0 by 1.0 by 0.1 87- inch angle aluminum as shown in appendix C-l. The
cars ride on 0.625-inch thick stainless-steel ways.
The shafts of the intermediate speed cars and the main platen shaft are
mounted in J. M. Forster Co. precision bearings of the double-seal type.
(0.5-inch No. 1616, 0.375-inch No. 1605). The bottom bearing of the platen
shaft is set in a 0.5-inch pillow block, which spans the frame members.
The drive train consists of Uniroyal timing pulleys and belts of the
1/5-inch-pitch variety (code XL037) . Some of the pulleys were supplied with
smaller than desired bores and subsequently were bored to 0.375 inch for the
motor and intermediate shaft. The largest pulley, 72XL037, was drilled to
accept the 0.5-inch-diameter shaft. The pulleys were secured to the shafts
with Allen-type set screws. The platen-shaft pulley was first secured to
the bottom of the platen, itself, and then used to secure the platen to the
main shaft.
A 10 by 10 by 1/4- inch aluminum plate, with a 1-inch square cutout,
centered side to side, 8.25 inches from the bottom, (centered on the optical
axis) is mounted between the platen and the monochromator. This plate serves
a dual purpose; first, it provides a light baffle to the platen itself, and
second it provides a mounting plate for the exposure slits.
Two adjustable 0. 25-inch-diameter aluminum jack screws are mounted on
the baffle. These screws are threaded into the face of the monochromator,
and adjusted to maintain the film plane a precise 2.25 inches from the
monochromator .
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The final assembly of the speed control involved the microswitch stack
and cams. The cams are machined from steel with a 0.5-inch-diameter bore.
The cams are affixed to the platen-shaft with Allen-type set screws. (Appen
dix E-4) The dwell angles of the cams were discussed previously.
The microswitches are catalogue number 1SMIL with roller-lever actuators
and are ganged in a stack 0.5 inch on center. All of the switches are
attached to the stack in a vertical alignment. The stack has a mounting foot
with elongated mounting holes for adjusting throw distance. The stack is
mounted on the 0.5-inch pillow block.
B. SLIT CARRIER AND BLADES:
The slit carriers are fabricated from 0. 125-inch-thick aluminum (2029
alloy). The details are shown in appendix C-6.
The precision slits are fabricated from PAL brand, single-edged razor
blades with the stiffener removed. The slits viewed at 100X magnification,
present a very uniform edge. To prevent reflections, it was decided to spray
paint the blades with Crown Industries yellow zinc chromate primer, followed
by the same brand flat-black lacquer. The blades were then viewed at 100X,
and a very nonuniform edge (10 to 20 mm peak-to-peak) was observed. As a
result of this experience, it was decided to paint the entire blade as above,
then remove the paint from just the edge with lacquer thinner on a cotton
swab. The edge was then blackened with lamp black from Iso-Propanol. Several
sources of lampblack, ranging from methanol to benzene, were investigated.
Iso-Propanol seemed to yield the most optimum combination of particle size
(less than 1 ym peak-to-peak) and blade heating. It was suspected that excessive
heat on the slit blade would produce warping.
Utilizing a Quality Evaluation Viewer (Photogrammetry, Inc.) and an
American Optical "X-Y" adjustable microscope, with a filar eyepiece, the
blades of the slit were then mounted on the back side of the carrier (the
side nearest emulsion.
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The slit carrier is marked with a vertical scribe mark approximately 1/16 inch
to the left of the opening. This line is used to align the carrier with the
X-axis of the microscope carriage. The carrier is then taped into place. One
blade is then installed using the X-axis as reference. The blade is installed
parallel to the scribe line. The Y-axis vernier is then moved the required
distance, one millimeter, five millimeters, and ten millimeters, and the second
blade installed using the Y-axis vernier for width reference and X-axis move
ment to establish parallelism. The blades are secured with 2-56 by 1/8 inch
screws , as shown in Appendix C-6.
C. STEP-TABLET HOLDER: (Appendix C-2)
The step-tablet holder is manufactured from epoxy resin and glass cloth.
A wooden replica (mold) of the platen was fabricated from two-inch-thick lum
ber. The arc distance from end to end is 5.5 inches as shown in Appendix C-2.
The circumference of the mold was covered with 0.012-thick aluminum sheet.
A blank was cut from this same stock to the dimensions of a 5-inch piece of
35 mm film (1. 375-inches wide), with a 2-inch-square tab on the end. This
blank approximated the carbon step tablet. The resulting fiberglass
"gate"
was to have a 3/4 by 4.5-ihcr_ rectangular window centered on the arc. It
was also to have 1.5 inch "ears" on either end of the arc for hinge and lock
mounting.
The mold and blank were sprayed with fluoro carbon mole release. The
mold was then coated with the resin mixture (except for the area of the 3/4-
by 4.5-inch window). Three plies of glass cloth, 7.5 by 2 inches, with a
window, were laid on top of the mold. The resin mixture was coated between
each layer. The blank was inserted with the 5-inch portion centered on the
arc and the windows in the first plies of glass. Five more plies of glass/
resin mixture were added on top of the blank. These plies were only 6-inches
and did not cover the 2 by 2-inch tab on the blank. The ear, under the Tab,
was also built up to a total of eight plies.
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A 2-inch-wide piece of the 0.012-inch-thick stock was then fastened over
the "sandwich", including the ears. This clamped the sandwich to the contour
of the mold. The entire collage was then cured in an oven at 130 F.
After curing, the rough fiberglass gate was removed from the mold and
the blank was extracted from the sandwich. The rough product was then dressed
with abrasive machines to yield a holder with 5. 5- inch arc and a 1.375-inch
ear on the latch end and a 0.625-inch ear on the hinge end. The slot for the
step tablet was about 0.012-inch wide.
The holder fastens to the platen with a brass piano type hinge. The
closing mechanism is a spring loaded clamp which engages a lug riveted to
the fiberglass holder.
D. SHUTTER ASSEMBLY:
The shutter assembly consists, primarily, of four units:
a. aluminum mounting frame,
b. shutter mechanism plate,
c. 0. 75- inch-thick wooden spacers, and
d. the solenoid actuator and cover.
The aluminum mounting frame consists of a 0.625-inch-thick aluminum base,
relieved 0.125 inch to allow clearance with the condenser lens mount, and a
0.250-inch-thick plate mounted vertically on the base at the relieved end.
This vertical plate is equipped with a strip of sponge weather stripping
1/4-1/2-inch) on all four edges. The frame assembly is then attached to the
source mounting bracket with the weather stripping against the monochromator.
The shutter mechanism plate is as shown in appendix C-3. The mechanism
plate is actually made from two 0. 190-inch-thick aluminum plates spaced 0.041-
inches apart. The copper clad epoxy circuit board, from which the shutter is
made, is 0.036-inch-thick. This thickness allows 0.005 inch clearance for
the shutter. The mechanism plate has a 0.75 by 0.875-inch opening for the
light path, and a 1.125-by 1.094-inch notch, in the bottom, to receive the
condenser- lens mount.
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The shutter is designed to fit against the bottom of the condenser lens
mount, between the two lenses. The axis of rotation is off center to allow
the shutter to move in an arc without binding. The shutter moves through
approximately 37 degrees of arc. This angle is the minimum deflection needed
to yield zero vignetting. The shutter is pivoted on a steel shaft mounted
in a brass pillow block. The block is located on the lamp-house-side of the
mechanism plate.
The exit-side of the shutter mechanism plate is equipped with a slot,
suitable for insertion of one or two 35 mm cardboard slide mounts. Neutral-
density-filters and higher-order spectra-suppression filters can be utilized,
with slide mounts, and inserted as needed.
Two wooden blocks (0. 75-inch-thick partical board) are sandwiched to
gether to provide a spacer between the shutter mechanism plate and the
lamp house. These blocks are fastened to the mechanism plate, and have a
1. 75-inch-diameter hole to provide clearance for the condenser- lens housing.
There are three T-nuts (blind nuts) sandwiched between the two spacers to
accept fasteners from the lamp house.
The entire shutter housing (spacers, frame, and mechanism plate) is
enclosed on both sides with light guage sheet metal. The top is covered with
an easily removeable cover of the same material. The final effect is a lieht-
tight housing (that is, the instrument was designed to be operated in a dark
room without fogging unexposed film).
The final unit of the shutter assembly is the solenoid actuator. The
solenoid (Guardian 4HD-115AC continuous duty) is mounted on an aluminum
channel plate, which is, in turn, mounted on the back of the lamp house in
line with the shutter. A 0.25- inch-diameter steel rod serves as the connect
ing rod between the shutter and solenoid. A coil spring is attached to the
connecting rod and the solenoid housing to affect rapid shutter closing.
The solenoid mounting bolts are located in elongated holes to allow adjust
ment of the shutter deflection angle.
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One other element should be noted here, the shutter auto/ open switch.
This switch is mounted directly on the solenoid housing and controls the mode
of the shutter operation. The details of this switch will be discussed in
the electrical systems section.
The interior surfaces of the shutter assembly, and the surface of the
shutter itself are primed and then painted flat black to reduce reflection.
E. LAMP HOUSE:
The B L Monochromator is supplied with a connective- coo led-source
housing. This housing is attached to the mount where the shutter assembly
is placed. This housing is not lighttight.
In order to use the furnished source housing and mounting scheme, a
lamphouse was designed and constructed to enclose the B L fixtures. The
details are shown in Appendix C-5, and a photograph in Appendix E-10. The
lamphouse, shown in Appendix E-ll, consists of a box with lighttight air ducts
on either side and a lighttight back cover.
The duct on the right is the air intake and the duct on the left is the
exhaust. Air flow is accomplished with a Fasco blower, (Model #50745-IN),
mounted on the exhaust duct. To facilitate removal of hot air from the upper
region of the housing, an additional duct was constructed and mounted on the
lighttight cover. (See Appendix E-ll.) The duct extends from the top of
the cover to the bottom and mates with the intake of the blower when the
cover is in place.
The lamp house is designed to set flat on the instrument base and mate
to the shutter assembly. The joint is made lighttight by using sponge weather
stripping at the interface.
The back cover is weather stripped around its perimeter and at locations
which fall adjacent to the intake and exhaust ducts. The back is then secured
to the lamp house using nine metal screws. The total effect is an entirely
self-contained, fan-coOled, lighttight housing.
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F. ELECTRICAL CIRCUITRY:
The electrical section of the instrument consists basically of four main
subunits. They are:
a. sequencing and monitoring (console),
b. console/speed control interconnect,
c. speed control/lamp house interconnect, and
d. lamp house/lamp power-supply circuitry.
a. The operation of the sequencing and monitoring section was discussed
previously so only the circuit description is given below. The circuit sche
matic is shown in Appendix C-5.
Main power is supplied to the system from a 115-volt (v) 60 Hertz (Hz)
source through a five-ampere fuse and a single-pole double-throw (SPDT)
rocker switch. This switch supplies power to a triple-pole double-throw
(TPDT) function switch and to a main-power neon lamp.
The TPDT function switch performs two functions. It monitors the con
dition of the thermal relay contacts (Amperite thermostatic delay relay,
model 115N010) when thrown left, and when thrown right, it supplies 115-v
alternating current (ac) to the platen-drive motor and stage lamp, the
filament of the thermal relay (pin 1), and the contact of the thermal relay,
(pin 3).
This right position of the function switch initiates an exposure se
quence. At the end of 10 ^ 4 seconds, the thermal relay contact closes,
supplying power to the number one microswitch (the enabling switch). When
the microswitch closes, the first relay is activated (Guardian 900-2C-120A)
and held down by power from the function switch, through the second set of
contacts on the relay. The "pre-expose" lamp is illuminated by this sequence,
also. Power is now supplied through the first set of contacts from the func
tion switch, to microswitch 2 (shutter control) and microswitch 3
(disable).
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When microswitch 2 is closed, power is sent to the disabling relay and the
shutter solenoid. The shutter solenoid is energized as long as the micro-
switch 2 is closed. When microswitch 3 is closed, the disable relay is
energized. The relay is held down by power from the function switch through
its second set of contacts. The first set of contacts removes the solenoid
from the circuit and illuminates the terminate lamp. The system is held
in this configuration until power is interrupted by placing the function
switch to the OFF position (center position), or to standby (left position).
Illumination of the standby indicator, when the function switch is so placed,
indicates the thermal relay contacts are closed. Initiation of the exposure
sequence under these conditions could possibly lead to a nonuniform exposure.
b. The console, itself contains the above circuitry (with the excep
tion of the microswitches) and the dispersing interconnect. The console
circuit board has two barrier strips from which all incoming and outgoing
wiring are dispersed. Two cables emanate from the console, the 115-v a-c
line, and a 15-conductor cable, interconnect, to the back of the speed-
control frame. The connection is effected utilizing a Cinch Jones S-315-CCT/
P-315-DB combination. This interconnect carries the power to the synchronous
motor, the microswitches, the solenoid, the blower and the lamp circuits.
c. The speed control/ lamphouse interconnect cable carries six con
ductors to and from the lamp house. The connection at the lamp house is
effected with a Cinch Jones S-306-CCT/P-306-DB combination (Appendix C-5).
The interconnect carries a common wire, shutter actuation power, cooling fan
power, 115-v a-c power to lamp-circuit junction block, and a chassis ground
wire. The power for the fan and lamp circuits is direct from the main power
switch via the console/speed control interconnect cable.
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d. The lamp house receives power through the previously described
interconnect cable. There is a junction strip in the lamp house which has
115-v a-c for the lamp circuit. The junction is tied to a Variac and in turn,
to a direct -current (d-c) power supply. There is an a-c voltmeter across the
variac and a d-c voltmeter across the output of the power supply. A d-c
ammeter is in the lamp circuit for the purpose of precise lamp control. The
lamp is normally operated at 16.0 amperes d-c. The cable, from the rectifier
back to the lamp house, utilizes a standard line, 3-prong-plug socket combi
nation.
The cable from the lamp house to the variac utilizes a Cinch Jones S-302-DB/
P-302-CCT combination at the lamp house.
The power for the shutter solenoid comes through the interconnect system
to a double-pole double-throw (DPDT) switch mounted on the end of the lamp
house (solenoid housing) . The power through this interconnect is strictly
automatic operation from the number 2 microswitch. The need to operate the
shutter manually was discovered, and a separate 115-v a-c line was connected
to this DPDT switch. This allows for either manual operation (when the line
is connected to 115-v a-c outlet and the switch is placed in the OPEN position)
or automatic operation (when the switch is in the "auto" position).
G. BASE
The final unit of construction is the base. This is fabricated from
0. 75-inch-thick particle board. The main base is 54-by 18-inches. The speed
control and meters are mounted to this portion. The necessity for having the
image of the grating on the film plane requires that the monochromator be
elevated 1.937 inches; therefore, a platform is affixed to the main base to
accomplish the elevation. The monochromator is firmly attached to the base.
The entire sensitometer assembly is primed with zinc chromate primary
and then painted flat-black.
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EVALUATION AND TEST
The evaluation and test phase of the research problem consists, primarily,
of physical measurements to ascertain the performance parameters actually
obtained as opposed to design parameters set forth in the objectives.
Some measurements were obtained directly, others indirectly, through the
use of the photographic record. The final test of the equipment is
actual production of sensitivity information and the subsequent comparison
of these data to data provided by the product manufacturer.
A. SLIT MEASUREMENTS:
The actual slit widths were measured using the instruments discussed in
the section on slit construction. The width was measured in three positions,
located by measuring from the top of the slit opening, 5mm, 12mm and
20 mm, respectively. The Y-vernier was used to physically measure the
width. The vernier is calibrated in 0.002 mm increments.
A twice-replicated fully crossed experiment was performed, using slit
carriers (1mm, 5mm, and 10mm) as factor A, and measurement position as
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factor B . The measurements were performed randomly. This test
demonstrated that there is no significant difference in measurement
position, factor B. The alpha risk assumed is 0.01. Because position
of measurement is not a significant factor, one can use each measurement
of the slit, regardless of position, to estimate the actual slit width.
The average slit widths are 1.000mm, 4.983mm, and 10.002mm. Confidence
intervals, using an alpha risk of 0.01, were placed on the average measured
slit width of each slit. The results indicate that the 1mm slit and the
10mm slit can be assumed to be as designed. The 5mm slit is, in fact,
narrower than design; however, the difference, from design, is only an
average of 0.4 percent resulting in a 0.4 percent error in energy if all
calculations are performed using the slit as 5mm. For ease of calculation;
the slits will all be considered to conform to design.
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B. LAMP INTENSITY RIPPLE:
The transformer supplied with the monochromator lamp delivered 6-v a-c
to the source. The low-mass ribbon filament was found to provide enough
light to produce an irradiance ripple corresponding to the alternating
current impressed through it. The intensity ripple was found to be about
22 percent of the average amplitude. This means that exposure times of
less than 1/120 second could not be relied upon for repeatable irradiances
at the film plane. Exposure times in excess of the above value would
tend to yield better repeatability as a result of the integration process
taking place.
It is desired, however, to use exposure times of less than 1/120 second;
therefore, a full-wave rectifier, and associated capacitor, was placed in
the lamp circuit (ATR 620C) . The lamp irradiance was then measured and
found to have a modulation of 0.0128. Mean irradiance was used to compute
exposure values. Exposure times of less than one half the period of the
ripple (that is, 1/120 second) produce a maximum 1.28-percent error in
exposure. The maximum exposure error will only be realized when the
exposure time approaches an infinitely small value. Finite exposure times
will result in an error of less than 1-percent (see Figure 5).
The ripple was determined using a Tektronix 453 oscillascope to measure
the output of a 1P39 phototube illuminated by the source.
C. ILLUMINATION UNIFORMITY AT THE FILM PLANE:
The film plane of the instrument corresponds to the focused image of the
illuminated diffraction grating. The size of the image is approximately
0.5 by 0.5 inch. For future radiometric measurements, and to ensure
uniformly exposed records, it is important that the irradiance of the
image be uniform.
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The extent of uniformity or nonuniformity, was determined utilizing KODAK
High Contrast Copy Film and the Joyce- Loebl microdensitometer. Prior to
the first exposures, the image of the lamp filament was focused and
centered on the entrance slit of the monochromator. The entrance and
exit slits were each set at 1mm.
The test exposures were made using two separate methods. The first
method, a static exposure of the grating image, was used to test the
uniformity of illumination of the image. The exposures were made at
several wavelengths (450 and 550 nm) with the film positioned, manually,
on the platen, in the light path. The resulting record was traced on
the microdensitometer. (Appendices A-9 and A-10) . Observation of the
resulting traces revealed the fact that the image was nonuniform to
approximately 20-percent horizontally and uniform to 1.5 percent vertically.
In an attempt to discover the reason for the nonuniformity, the individual
elements associated with the light path were either removed entirely,
refocused, or rotated 180 degrees. Each of these actions failed to affect
the orientation of the gradient.
In order to determine the intensity gradient, a Gamma Scientific Photo
meter equipped with a fiber optic probe was used. The probe was mounted
on an X-Y vernier, and this, in turn, was mounted at the image plane of
the monochromator.
The monochromator was removed from the system and replaced with another
instrument of the same model. The results of the test were identical.
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It was then discovered that both instruments had replica gratings manu
factured from the same master grating. It was also learned that a grating,
of the length involved, (100 mm by 100 mm and 1200 lines/mm) frequently
has a nonuniform reflection factor caused by ruling-stylus wear.
Realizing the difficulties in future spectroradrometric measurements, it
was decided to use the instrument as it was. Because the gradient is in
the direction of platen rotation, a point, on an emulsion, will, itself,
integrate the energy across the exposure slit.
The second test method used was designed to determine uniformity of exposure
along the length of a film sample. (5.5-inches long). The results of
this test are used to indicate the uniformity of platen velocity and slit
width.
The exposures were made with the high-contrast emulsion mounted on the
platen and subjected to a normal exposure sequence. The carbon step
tablet was not used. Several different wavelengths were tested (400 nm,
500 nm, and 600 nm) at each available platen velocity. The 10mm exposure
slit was used throughout the exposure series.
The exposures were examined using a GAF model 650 microdensitometer.
The resulting traces indicated that, with the exception of the 7 1/2 rpm
AE
configuration, all speeds yielded a of 0.01 to 0.02. (Appendix A-ll) .
The 7 1/2 rpm exposures yielded a striking cyclic pattern, approximately
AE
sinusoidal. The peak-to-valley = was 0.056. A check of Appendix A-l
shows that the pulleys used in the 7 1/2 rpm configuration are, also,
used in other configurations with no cyclic effects. Additional tests
will be required before an explanation can be determined. It should be
noted that the exposure times obtainable from the 7 1/2 rpm mode can also,
be obtained using other instrument configurations.
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D. SPECTRO-RADIOMETRIC MEASUREMENTS:
Originally, the radiometric measurements were to be obtained with a
calibrated vacuum thermopile, but such a unit did not become available.
The staff at Eastman Kodak Company's research laboratory became aware of
the situation and volunteered to make the measurements on their spectro-
radiometer.
The measurements were made with the following parameters:
a. The lamp current was set at 16.0 amperes and allowed
to stabilize thirty minutes.
b. The entrance port of the radiometer was placed at
the film plane.
c. The monochromator entrance and exit slits were
each set at 1mm wide and the OPEN height position.
d. Measurements were made every 10 nm beginning
with 400 nm, ending with 700 nm (monochromator
wavelength drum setting) .
e. Wavelength setting was approached from small
values to higher values to eliminate linkage-
play variability.
f. A complete set of measurements was made with
each exposure slit.
g. Replications of each measurement were made.
The resulting traces are shown in Appendices A-2 and A-3. To determine
power at each wavelength, it was necessary to measure the area under
each respective curve using a K and E planimeter. The planimeter was
first used to trace shapes, which approximated the power curves, and whose
exact area was known. It was found that the planimeter had an accuracy of
5 percent on areas of approximately 0.2 square- inches. The error goes to
about 1.5 percent as the area approaches 0.7 square-inches.
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Upon inspection of the traces of Appendices A-2 and A-3, it can be seen
that the base width remains relatively constant from 400 to approximately
650 nm, and then begins to widen drastically. According to the technicians,
this is inherent in the spectroradiometer. The decision was made to make
the measurements above 650 nm using a curve whose peak is as traced, but
whose shape and base width approximate those of the curves below 650 nm.
2The measurements were made in square inches and converted to ergs/sec/cm /nm
using the following equation:
Px = (Area in2) (25.4 2 ergS2 ).
in sec cm nm
Three replicates of each curve were measured, and all measurements were
done in random sequence.
In order to yield an indication of the repeatability of the spectro
radiometer, measurements were performed at 600 nm on each of the three
slits. It is valid, however ; only at 600 nm and can only be used to
estimate the repeatability of the radiometric measurements at the other
wavelengths. The replication shows a difference of 1.6 percent for the
5mm slit and a difference of 6 percent for the 10mm slit.
Theoretically the power available through the 10mm slit should be twice
that through the 5mm slit, however, this relationship is not valid. It
should be remembered that the image of the grating is not uniform. The
masking by the 5mm slit can cause the ratio of power between the two slits
to be other than two. This explanation can be used to account for the fact
that, on the average, the power through the 5mm slit is approximately
7 1/2 percent lower than calculated.
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Radiometric measurements on the 1mm slit could not be made, because of
the limitations of the radiometer's detection levels. The power available
can be estimated, however, by dividing the 5mm slit values by five. One
must, however, recall the previous paragraph.
One further observation, shows that the actual peak wavelength of the
monochromator is not necessarily the wavelength shown on the drum indicator.
The wavelength scale of the radiometer is calibrated using the 546 nm
line of mercury. A plot of drum setting versus wavelength from the
radiometer is given in Appendix A- 14.
E. PLATEN-SPEED TIMING:
The speed of the platen, combined with slit width, dictates the exposure
time for a particular instrument configuration. The velocity of the platen
circumference is given by:
V = -S = JU^IS. (25. 4mm/ in),t/rev t/rev v ' '
where: V is the platen circumference speed (mm/sec) ,
D is diameter of platen (8.02 inches), and
T is measured time per revolution (sec).
The time per revolution was measured, for each of the seven design speeds,
by using a TSI universal counter, (model 37IR) and an audio oscillator
tuned to 1000 Hz. The diagram for the test fixture is shown in Appendix
C-7. The circuit was assembled using the number one microswitch of the
sensitometer as the trigger (switch 1 and 2 on the diagram) . The platen
drive was initiated and the first time the number one microswitch was
depressed the counter began to count the 1000 Hz cycles passed. The counter
was halted the second time the microswitch was depressed. The result was
the number of cycles per revolution. The counter was also used to
calibrate the oscillator to exactly 1000 Hz. The exact revolution time
was then computed as follows:
^
. total cycles
t/rev =
1000 cps '
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The values which were measured were very close to the design calculations.
The maximum error introduced using design values, as opposed to actual
values, is less than 0.10 percent. This error results in less than 0.10-
percent exposure error at a platen velocity of 30 rpm. Therefore, for
ease of computation the design values of exposure will be used. The
design values for the individual slit width/platen speed combinations
are shown in Appendix A- 1 .
Utilizing the power measurements resulting from the spectral radiometry and
the platen speed measurements (together with the exposure slit widths)
a chart of energy available at each wavelength was produced for every
platen speed/slit combination. (Appendices A-4 through A-6) .
The computer program, designed to accomplish the above manipulations,
is in Appendix D-l.
F. SPECTRAL TRANSMISSION OF M-TYPE-CARBON STEP TABLET
Spectral transmission measurements were made on the step tablet (P67-59-5) ,
utilizing a Beckman DK-2 instrument. The results are shown in Appendix
A-8.
For the purpose of exposures, the step tablet was considered to be
"flat"
throughout the spectral region of interest. That is to say, the diffuse
density values of each step were used to compute exposure. The maximum
exposure error incurred was 2 1/2 percent at 400 nm.
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G. SPECTRAL SENSITIVITY CURVES OF ACTUAL SAMPLES
The final evaluation of the instrument is its ability to produce accurate
sensitivity curves of several emulsions. Two readily available materials
were tested. KODAK Panatomic-X (5060) and KODAK High Speed Infra-Red
(2481) were selected to evaluate the instrument from 400 to 700 nm,
inclusive. The final curves are representative of only the two emulsions
being tested and can be used to indicate the performance of each product
when processed under the given conditions. The results are not to be
construed as exact measurements of every emulsion batch of the product.
*
The sensitometric strips were processed in an ITEK transflo processor.
For the purpose of this experiment, the recommended chemistry was used
with a total process time of six minutes (development-time 72 seconds)
and a target temperature of 74 F. The replenishment rate was comensurate
with the 35mm format; however, consideration was given to the fact that
for every five inches of exposed material, ten inches of preprocessed leader
was used.
To maintain process control, a sensitometer control strip was processed
every six to seven test strips. KODAK Panatomic-X (5060) was used as a
control material.
The primary concern of this experiment is two-fold. The production of
spectral sensitivity information which is the end result required and a
measure of the instrument's ability to repeat exposures from day to day.
To accomplish the two objectives a two- factor twice-replicated experiment
was designed. The factors were wavelength of exposure and film type.
The wavelengths used were 400 to 700 nm, in 10 nm increments to yield 31
levels. Two film types were used as previously described. In an attempt
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to eliminate processing variability, a complete replicate of test strips
(that is, 400 to 700 nm) was processed at one time. That is to say, one
start up of the processor, with material introduced one piece at a time.
The sensitometric strips resulting from the above process were read, step-
by-step, on a MacBeth TD 101 densitometer. The densities recorded, along
with the associated energy values from Appendix A-4 and the step-tablet
densities from Appendix A- 7 were introduced into the computer program D
LOGE (Appendix D-2). The end result was two-replicate D log E curves for
each wavelength/film combination.
The spectral sensitivity for photographic materials has been computed for
various response levels and is presented in available literature. It
was considered an adequate evaluation to compute sensitivity at a response
level of 0.1 above base plus fog. The average base plus fog was 0.32
(Pan X) and 0.15 (HSIR) ; therefore, the entering arguments for determining
energy required to produce a response of 0.1 above base plus fog are 0.42
(Pan X) and 0.25 (HSIR).
Process control strips were sequenced as follows:
PC = process control strip,
TM = test material, and
PC/6TM/PC 6TM/PC.
Evaluation of the control strips, processed with the test material,
indicates process stability for the second replicate of Pan X and both
replicates of HSIR. The control strips of the first replicate of Pan X
indicate some instability as a result of poor temperature control.
(73 1/2 to 76 F). The entering argument, 0.42, was adjusted by comparing
the region of interest on the control strips, of the first replicate, to
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the corresponding region on the second set of control strips. For the
purpose of the comparison, the first replicate was broken into groups
bounded by a preceeding and a following control strip. The entering
argument for each group of curves was arrived at by using the following
relationship:
entering argument =
l PXl * l PXp
- 0.41 + 0.42.
1 PXl + 1 PXp
= Average of step 21 of the control strips
2 bounding a group of test strips in the
first Pan X replicate (1 PX) ,
0.41 = Average step 21 of the control strips
of the second replicate (2 PX) , and
0.42 = entering argument before processing
error is removed.
The entering argument (density) was applied to the characteristic curves
resulting from the program of Appendix D-2. The output is the log energy
required to produce the given response. The energy is in terms of
ergs/ cm .
It should be noted at this point, that the MacBeth instrument used to make
the density readings classically yields a measurement uncertainty of 0.01
density units. The expected error in energy calculations can be determined
by considering the mathmatical method for arriving at energy, namely:
D = y Lg E.
Differentiation yields,
4D . 0.434 v(M), or #=5^.
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where: AD densitometry uncertainty,
Y = local curve gradient,
AE = uncertainty of energy value derived, and
E = local energy level .
The gradient for Pan X is approximately 0.45 and for HSIR, approximately
0.45. Using the uncertainty of the MacBeth instrument and the previous
gradient values, one can readily see that the energy measurements, derived
from the characteristic curves, are clouded by an uncertainty equal to
0.05 E. These are approximate values, but they do illustrate the pro
pagation of error involved in the actual energy derivation.
The response variable, density, was used to compute the exposure repeat
ability of the instrument. The mathematical model of density measure
from the test strips is as follows:
X, .. =y+P+M+E,density
where: X = density value measured,
u = population mean,
P = variability due to processing,
M = random variability due to densitometry, and
E = random variability due to exposure given by
sensitometer.
The total value of variability contributed by all of the factors can be
computed by utilizing the two replicates of high-speed infrared test
material. For any given wavelength and exposure level, the difference
between the values for the two replicates is attributed to P+M+E. The value
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of P+M, alone, can be computed from the control strips processed with the
test materials. Because variance is additive, the variance resulting from
exposure error is the result of a simple subtraction. The variance was
computed for high-speed infrared (Processing problems in the Pan X repli
cates exposure error). The value was 0.0087 density units. Now,
considering the mathmatical expression for energy, a fractional exposure
error, in terms of energy, can be computed. AD is computed by placing
95-percent confidence limits on density using the exposure standard
deviation. The fractional exposure error is, thus, 0.061, for the materials
being tested.
A general statement of the fractional error of exposure is:
= 0.0276 y"1,
where: y is the local gradient and not the advertised gamma.
Spectral sensitivity (S^), as previously defined, is the reciprocal of
the energy required to produce a given response at a given wavelength.
X Ex
The energy, used to produce the curves of Appendices A- 12 and A- 13, is an
average for each wavelength of the replicates for each test material.
The curves are generated by plotting log S\ versus wavelength.
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Conclusions:
1. A monochromatic sensitometer was designed and built. The evaluation
of the test results indicates that the useful spectral range of the
instrument is now only 400 to 670 nm. The primary reason for the deviation
from design parameters is the limitations of the radiometric calibrating
instrument. See remarks section. The individual steps on each strip are
approximately one centimeter square, and are easily evaluated with a
macrodens i tometer .
2. The instrument does incorporate a Bausch and Lomh diffraction grating
monochromator whose spectral range is 250 to 750 nm with the correct
source. The grating in the monochromator; even though uniformly illuminated,
does not yield a uniform image.
3. As measured, the instrument is capable of irradiating the film plane
with the following energies:
2
a. 425 nm - 10 ergs/cm (interpolation)
2
b. 550 nm - 43.7 ergs/cm
2
c. 700 nm - 26.1 ergs/cm
4. The curves derived from the monochromatic sensitometer are shown
in Appendices A-12 and A-13. Also shown are curves which were supplied
by Eastman Kodak Company. The curves are representative of the two
materials tested. The shapes of the curves are very similar, well within
experimental error. The absolute sensitivity is different for two reasons.
The RIT curves are taken at 0.1 above gross fog and the Kodak curves are
0.3 above gross fog. The second reason is radiometric calibration.
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5. The variability of the results produced by the instrument are inversely
related to the local gradient, y. associated with the selected density
level. The relationship, using 95-percent confidence, is = .h y
For Panatomic X and High Speed Infrared, processed as described, and using
energy levels associated with a density of 0.1 above gross fog, the
instrument is repeatable within 6.1 percent. Selection of density levels
of 0.3 or 0.5 above fog would substantially reduce the instrument repeat
ability by moving into higher gradient areas of the characteristic curves.
6. It was determined that the simple derivation of spectral sensitivity
can have as much as 5-percent error as a result of the variability of the
densitometer used to measure the material response.
7. The spectral purity of the instrument is approximately 9 nm bandwidth,
at the half-peak-power point, rather than two nanometers, as calculated.
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Remarks :
The operating limitations of the instrument, currently 400 to 670 nm, can
be extended very readily. First, recalibration of the instrument with
a wideband detector will extend the spectrum to 750 nm. Frequent power
recalibration is a necessity. The very nature of the tungsten filament
contributes to envelope blackening and consequently a power loss.
Changing to a quartz-halogen lamp, by modifying the lamp house, will
increase the power output and increase lamp life. In order to use this
type of lamp, however, an integrating device must be used to arrive at a
uniformly illuminated entrance slit. The lamp house design should lend
itself to the addition of other sources which will also extend the
available spectrum to the lower limit of the monochromator, 250 nm.
When processing the test strips, it was determined that control strips
of the same material would aid in the elimination of variability resulting
from processing.
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APPENDIX A
A. Performance Characteristics
1. Exposure time
2. Spectroradiometric Curves (10mm Slit)
3. " " ( 5mm Slit)
4. Energy Table (10mm Slit)
5. " " ( 5mm Slit)
6. " " ( 1mm Slit) Estimated
7. Density Values of Step Tablet 67-59-5
8. Spetral Transmission of M Carbon
9. Uniformity of Illumination (Exposure) Stationary Horiz.
10. " ( " ) " Vert.
H- " " " ( " ) " Platen Speed 1 7/8 RPM
12. Spectral Sensitivity Panatomic X (5060)
13. " " High Speed InfaraRed (2481)
14. Drum Indicator vs. Peak Wavelength (Spectroradiometric)
B. Operation
1. Cautions Warnings (Equipment Damage or Personal Injury)
2. Step-by-Step Operation
3. Disassembly
C Construction Drawings
1. Speed Control
2. Step Tablet Holder
3. Blocking Shutter Assembly
4. Lamp Housing
5. Exposure Sequence Control
6. Exposure Slit Carriers
7. Platen Speed Timing Circuit
8. Adjustment Jack Screws
D. Computer Programs (IBM 560-65 W/Calcomp Plotter)
1. Energy (Ergs/cm2/NM)
2. D Log E (Plot)
E. Photographs
1. Speed Control
2. Platen Gate Latch in Loading Position
3. Microswitch Stack
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APPENDIX A CONT'D.
5. Wavelength Control
6. Monochromatic Sensitometer - Front View
7. " " - Rear View
8. Monitoring Control Meters - Lamp Circuit
Console
10. Lamp House Cover Removed
11. Lamp House Cover
12. Shutter Auto/Open Switch
13. Shutter Assembly (Top View - Cover Removed)
14. Entrance Exit Slit Control
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2.7049999 1.3525000
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. u ... .
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u. 5174999
0.5619999
0.6762500
0.8032500
0.8889999
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1.0794992
1.3239994
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1.5969992
1.8509998
1.9272499
2.3272495
.8479996
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2.4669991
2.38124S5
2.6881237
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0.6619994
-
0.3304 703
0.6508750 673249 7
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_. .. 5MH iUI
ENERGY-EBG5/CNCM/NM
EXPOSURE TIHE
~1 .00000
~
0.50000 6.25000 0.12500
400 1.0159498 "0.5079999 0.2539999 0.1270000
"2~.~4549995 1.227500b 0.6137500 0.3068750
420 271169456 1.0584993 0.5292499 0.2646250
1.1004992 0.5502498
0.6984999
u. 2751249
440 2.7539957 1.3969494 0.3492500
450 2.7939557 1.3969994 0.6984999 0.3492500
460 4.3174998
" "
2.1589994 1.0794992 0.5397500
4". 3 1 7999 2.1589994 1.0794992 0.5397500
480 4.8259593 .4129992 1.2064991 0.6032499
490 4 .5719995 ""2.2859993 1.1429996 0.5714999
500 6.6889992
~
373444996 1.6722498 0.8361249
510 "6.5429998
'
3.4714994 1.7357492 0.8678750
520 7.7C49959 3.8525000 1.9262495 0.9631250
530 8.55C9996
"
4.2754993 2.1377497 1.0688744
540
"
10.8369999 5.4184999 2.7092495 1.3546247
550 Tl.4299554 5.7149992 2.8574991 1.4287491
560""~
r6ri5"5"5598 5.0799999 2.5400000 1.2699995
570 "B.4669991 4.2334995
~
"5.0799999
2.1167498
2.5400000
1.05S3T44
580 10.1595448 1.2699995
590 11.6839951 5.8419991 2.9209995 1.4604498
"
-5767C9991 "7.5354996 3.7677498 1.8838744
610 13.3769999 6.6884995 3.3442497
3.1 749992
1.6721249
620 12.6559456 6.3499994 1.5 874996
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"~ ~
"10.
"
"5.1224995 2.5612497 1.2806244
"
640 9765_999"5
" ~
"V.8259993 2.4129992
"2.2647495
1.2064991
650 9.0589591 4.5294991 1.1323748
660 9.0589991 4.5294991 2.2647495 1.1323748
670
"
779589996
"
379794998 1.9897499 6.9948750
680 7.6159999 3.8099995 1.9049997 0.9525000
690 6.4345946 3.2199993 1.6099997 0.8049999
"TOO- "
"2.7939997 1.3969994 0.6984999
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"
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"
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420
430
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460
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490
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600
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Apfftsfrrzzzk^L-
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6.0406C0.
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0.0879999
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0.
0.1930000
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O.2778CO0
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0.341955B
0.4333555
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0.4063.5B
0.3385999
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"0.4673999
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6.2674998
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6.1929998
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0.1811998
0.T591998
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u. 1117998
EXPOSURE T1HE
0.,05000 u,,02500
0,.0101500 0,,0050750
0,,0245500 0 .0122750
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0,,0279500 0.,0139750
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0.,0482500 0 ,0241250
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0,,0906000 u.,0453000
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o.0199000
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0.0161000
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0.00625
C. 00
0-0O3~.6?f"
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0.00312
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0.0034937
0.0054000
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0.0013 28
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o. ooioi6e
b.boTs h
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o.oon *3
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0.0092446
0.0063 .0
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0.6663929
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0.0056534
6~.66"45 ?o
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o.'o'oTO2
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BASE
2
APPENDIX A- 7
STEP TABLET
CARBON WEDGE P67-59-5
STEP nFNSTTv*DE I Y"
0.02
1 0.18
0.32
3 0.48
4 0.62
5 0.76
6 0.90
7 1.04
8 1.19
9 1.33
10 1.47
H 1.60
12 1.73
13 1.88
14 2.03
15 2.18
16 2.35
17 2.51
18 2.66
19 2.80
20 2.94
*
Base to 16 steps used in instrument
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APPENDIX B-l
A. Cautions:
1. The shutter auto-open switch must not be left in the open
position for long periods because shutter solenoid overheating
results.
2. When using the shutter auto/open switch, care must be taken
to prevent overheating the filters, (located in the filter holder)
3. Extreme caution must be observed to prevent operation of the
platen-drive motor while the step-tablet holder is in the open
position. Operation, while in this configuration, will result
in severe damage to the exposure slit.
4. Power must be removed from the instrument prior to removing
the lamp-house cover or the microswitch access cover. Energized
terminals are exposed when these covers are removed.
5. While exposing film, the speed-control cover must be closed
to avoid accidental entanglement with the timing belts and
pulleys.
6. Care should be exercised when inserting and removing test
material to prevent grey scale damage.
7. Care should be exercised when handling the exposure slits.
Abuse will remove the carbon from the slit blades.
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APPENDIX B-2
EXPOSURE PROCEDURE
1. Cut test strips of film 5.5-inches long. The number of strips
required depends on the wavelength region of interest.
2. Cut and expose sensitometric control strips to evaluate processing.
3. The operator should familiarize himself with the controls and
operation of the monochromatic sensitometer under light conditions
(especially the opening and closing of the film gate, and the insertion
of test film behind the gate).
4. Before applying power, ascertain that all interconnect cables are
inserted in their respective sockets. The electrical schematics in
Appendix C will aid in correct electrical connections.
5. Turn main power swtich to ON, and, using the variac, carefully
adjust the d-c lamp current to 16 amperes. Check, also, to ascertain
the operation of the lamp cooling fan. (Check for airflow out of the
exhaust port). Allow thirty minutes stabilization time for the lamp
before making record exposures.
6. Set the entrance and exit slit width of the monochromator to 1mm.
Set both slit height controls to open.
7. Select desired exposure and associated exposure slit. Grasp the
slit carrier by the top and insert the exposure slit into the guides
on the platen side of the baffle. The slit blades will be toward the
platen.
8. Check alignment and focus of the source filament on the entrance
slit. The alignment can be viewed by removing the cover of the shutter
assembly, (Appendix E-13) and placing the shutter
"Auto-Open" switch
to "Open". To make adjustments, the lamp-house cover must be removed.
Focus is adjusted by releasing the knurled screw on the left side of
the source mount and sliding the housing forward or back as necessary,
and then retightening the screw. Center alignment is accomplished by
loosening the screw on the base of the lamp and moving the base left or
right, as necessary, to obtain the filament centered on
the entrance
slit. The screw is retightened to maintain alignment.
CAUTION: DRASTIC REALIGNMENT OR REPLACEMENT OF THE LAMP REQUIRES
RECALIBRATION OF THE RADIANT POWER OUTPUT OF THE INSTRUMENT!
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9. Select desired exposure time and install pulleys according to the
sequence in Appendix A-l. Tighten belts by moving cars and tightening
thumb screws.
10. Ascertain the position of the shutter auto-open switch. This
switch should be placed to the auto position.
11. Readjust the lamp current to 16 amperes, if necessary.
12. LIGHTS OFF (Room checked for stray light).
13. Position platen as shown in Appendix E-2, and open latch (Appendix
E-3).
14
Film is grasped in the right hand by the top edge (strip horizon
tal) , with emulsion toward operator. The left hand placed, palm up,
fingers extended, at the bottom edge of the platen and gate. The film
is inserted between the gate and platen until the bottom edge of the
strip contacts the fingers of the left hand. This should place the
film even with the bottom edge of the platen. The gate is closed and
latched.
CAUTION: EXTREME CARE SHOULD BE EXERCISED IN THE ABOVE OPERATION
TO AVOID CONTAMINATING THE GREY SCALE.
15. The function switch, on the console, should be placed to the left,
standby, position to determine the position of the thermal delay relay.
If the standby lamp lights, the exposure sequence should not be initi
ated. The lamp will extinguish when the relay contacts are reset.
16. After determining that the standby lamp is extinguished, the
function switch is placed to the right, expose, position. This initi
ates the exposure sequence. The stage lamp will light indicating
platen operation. The pre-expose lamp is designed to light when the
number one relay is actuated. The expose lamp lights at shutter
solenoid actuation and is extinguished when power is removed from the
solenoid. Occassionally . the pre-expose and expose lamps will not
light at the instant power is applied to them. This action is caused
by the resistors in series with the neon lamps. The lamps will light
eventually and give the correct indication. The terminate lamp lights
when the number 2 (disabling) relay is latched. The function switch is
then placed to the off (center) position, or the standby (left) position.
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With practice, the function switch can be turned off so that the platen
stops in the load position. There is glow tape on the platen to facili
tate this operation.
CAUTION: PRIOR TO INITIATION OF THE EXPOSE SEQUENCE, THE GATE
LATCH MUST BE CLOSED WITH THE GATE IN CORRECT POSITION. FAILURE TO
LATCH THE GATE WILL RESULT IN DESTRUCTION OF THE EXPOSURE SLIT!
17. The gate is unlatched and the test film is removed in the same
manner as it was inserted.
18. Subsequent strips are exposed by repeating steps 13 through 17.
NOTE: Periodically, in long exposure series, the lamp current
should be checked for the correct level.
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APPENDIX B-3
MAINTENANCE
A. Lamp Replacement
1. Remove power from instrument.
2. Remove lamp-house cover (9screws) .
3. Release thumb screw on the lamp holder and then slide the
lamp holder free of the mounting bracket.
4. Replace lamp as per Bausch and Lomb monochromator instruction
manual.
5. Replace the lamp holder on the bracket and realign and focus
the filament on the entrance slit (Appendix B-2)
6. Reinstall lamp-house cover
B. Disassembly of Shutter housing
1. Remove power from the instrument
2. Remove the lamp-house cover
3. Remove the lamp holder from the bracket
4. Unplug the three cables from the monochromator side of the lamp
house, and ensure that the a-c line cord for the shutter auto/
open switch is unplugged.
5. Remove the wires, connecting the lamp to the barrier strip, to
allow complete removal of the lamp holder.
6. Remove the three screws holding the lamp house to the shutter
assembly. These screws are located around the opening for the
condenser lens. (CAUTION: DO NOT MOVE THE LAMP HOUSE BEFORE
STEP 7)
7. Disconnect the connecting rod from the shutter. (One screw)
8. Slide the lamp house from the assembly, ensuring that the con
necting rod does not catch on the shutter.
9. Remove the metal sides and top from the shutter assembly
10. Remove four screws from the end of the wooden spacers. This
releases the spacers from the shutter mechanism plate.
11. Remove cap screws from the bottom of the shutter mechanism
plate. This allows the mechanism plate to be removed from the
mounting frame. It must be lifted vertically.
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12. The condenser lens assembly is then unthreaded from the mono
chromator. The large locking ring is used to hold the lens
assembly at a particular alignment.
13. The mounting frame is released by removing the three cap
screws from the bottom of the mounting bracket.
14. Reassembly is accomplished in reverse order, ensuring the lens
assembly is oriented and locked in a position to allow the
shutter mechanism plate to fit flush against the lens assembly.
C. Calibration Configuration:
The baffle plate and slit mount can remain fixed to the base while
the speed control is removed. This allows a radiometric calibrating
device to be mounted at the film plane. Two cap screws secure the speed
control to the baffle plate.
(CAUTION: NOTE THE 1/16- INCH-THICK SHIM BETWEEN THE BAFFLE PLATE AND THE
SPEED CONTROL!)
The baffle palte can be shifted by loosening the screws securing it to
the base, and then adjusting the two jack screws to move the plate toward
or away from the monochromator. With the speed control installed, this
method can be used to focus the grating image on the film plane.
D. Microswitch Access
The microswitches are accessed by removing the four cap screws from
the side plate, just below the platen, (Appendix E-4) . The switches can
be adjusted by loosening the cap screws, securing the stack to the frame
cross-member, and then making the required adjustment. The screws are
then carefully retightened to hold desired adjustment.
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STEP TABLET GATE MOLD AND PATTERN
5 1/2"
Diagram:
Mold
Cut-Out
Cloth
Mold is fabricated from 1 5/ 8- inch-thick lumber.
Desired Gate:
4 5 1/2 ? on diameter 8"
Slit for wedge insertion One inch EAR on each end for
hinge and closing latch (inside
diameter to allow hinge and
latch to remain inside circum
ference of platen
* 0.012-inch aluminum cut to form blank which is inserted
in sandwich to form slot for step tablet. Blank is
removed after resin has set.
1 3/8 0.012 Blank
^
T
2
1
* Dimensions in
inches .
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SHUTTER (MOD. 1)
(View From Monochromator)
1/4" Connecting Rod i /
to Solenoid **" (" ? Shutter Mount (3/16 thick)
Shutter pivot (aligned
to bottom edge (A) clears
channel, in monochr.
during movement)
Shutter is fabricated from
copper-clad epoxy circuit board
(copper clad both sides)
0.036 thick
The neutral density filters and the 2nd order suppression filter will
be mounted in a 35mm slide mount and inserted on monochromator side of
shutter.
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(Side View)
T-nut
to mate lamp house Shutter
to shutter assem
(3 each)
Scale = 1" = 1"
Shaft Mount for
Shutter Pivot
Front
1 3/4 hole
to accept opti<KJ
housing
3/4 chip
board spacers
Rear
Slide Holder
2 3/16d opening
(circ) centerline
1 5/8 from solenoid
side
Optical Center
0.250 Al plate
Mounting Bloc
as described on
page 22
spacer
Recessed in rear block
so as to provide 0.005
clearance for shutter
0.625 Al plate
Attaching point to lamp
mount of monochromator
This unit is provided with light-gauge galvanize metal for sides and
top to provide light protection.
Detail Slid Holder
Scale 1:1
Dimensions in inches
Mounted on back shutter plate (mounting block)
(Designed to accept 35mm slide mounts)
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Lamp House Layout
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JACK-SCREW ADJUSTER
(mounted on baffle plate with adjuster
screws threaded into face of monochromator. J
C-8
_ 1 J O
f?
4"
i
L/4-
JH_
Clearance for
10-32 cap
--__
L/4|_
Scale 1" = l"
1/4-20 threads
Adjustment Screw
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FORTRAN IV C LfcVFL IB y a IN
_
UATF = 71C54 16/55/Qfc * P/GC CCC1
OOOl CCJCxri, FhRlCOll.PKS(31)lFWRllill.TIIT10l7),TIME5l7l,ril'Fl(7ll 1
000.
LENFROI7I .7)
REC (5. 10C)IPk*10(II, I-l, 311,1 PHK5III, 1 = 1,311, IPhK 1 1 1 1 . 1> 1 311
2
3
C003
0004 ICC
KEC(5,1C1III1MF1CIJI,J= 1,71, ITIrT5(JI,J = l,n,ITIKCnjliJ= 1,71
FCP*lll3Fft.3/13F6.3/5E6.3l
4
5
CC05
CCC6
10 1 ICHHTIIFCM
CO 7C K=l. J
6
7
C0C7
oooa IC
CO TC 110, 20, 301, N
WRI1FI6.2CCI
e
9
0C09
nolo
700 fCUPMI ' 1' T62,'1CM' SLIT' 1
GC TC 4C
10
n
con
0012
20
201
mnc (f ,?C1I
FCKK/TI 1" , !.? 5HM SLUM
12
13
CC13
0014 30
GO TC 40
kR 1 IF 16, 20; 1
14
15
0015
r.016
202 rDBCHTI '1' ,1F 2," Iff SI IT" 1
GO TC 4C
IA
17
0017
0016
4C
203
kKITF lt,2C3>
FCRF'ATI ' ,T56,,EF.EPGY-FPG$/CI'*CI'/NM'//lX,'>.VELtNCTF,,15';,
le
19
CC11
t'FUPCSURF T 1 fE 1
CO TT |4|,4. ,3I, N
20
21A
00?0
0021
41
205
HRITFI6,2C5MTIKF1C(J),J=1,7>
FOBI'T(/lX,T2O,F7.5,T3a,F7.5,T53,F7.5,l7C,l/.5,Te7,F7.5i!104,
21B
21C
CC22
1F7.5.T121.F7.51
CC TC 4>
210
I IF
C023
0024
42 kRITF(6,205)ITIFiE5(JI,J=l,7l
GO TC 45
21G
21H
0025
C026
43
45
kR[TF<6,20E 1IT1CE 1 (JI ,J=1.7>
IWL=4CC
21J
22
CC27
(.028
CC 6C 1 = 1,31
EX.1CIK, I 1
23
25
CC?9
0030
CO 50 J=l,7
ENFRCX I ,JI = FXV<F.,JI
24
26
CC31
003?
5C CCNI IF.UF
WRnE(6,2C4MIhL,(FNERGVII,J),J=l,7l)
27
2e
0033 204 FCSTI/TC.,l3,T18,FlC.7,I35,F10.7,152,FlC.7,T()'i,FlC.7,TU>, ,F10.7,
1T103.FK .?. T12C.FIC.TI
29
30
0C34
CC3S 6C
1 hL= IV.L + 10
rfMIM.F
31
32
0036
0C37
7C CCNT1KUE
<Tnp
33
34
C038 ENC 35
APPENDIX D.l-1
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Q-l-Z-
FCRTRAN IV C LEVFL 13 X OME 71054 16/55/CE PCE COQ 1
FLNCTKF X ( F. , I I
COF'I'CF. PP10I31I,PHP5(31),PHR1(31I,T1F1C (71, TIVF5I7I, 1W1I1I
1ENFRGVI 1,71
0003 GO TO I 10, 20,701 ,t>
0004 IC >=PhP|OI II
CCC5 RFTlPti
C006 20 X = PkP5l I I
CC07 PCTUPF
0C06 30 X'PLjF Illl
CCC9 RETUPF, 104
CO 10 ENC lit
APPENDIX D.l-2
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1>-I~K
FCRTR-N TV G LEVFL 18 UtTF - (1054 16/55/06 P-GF 0C01
C001 FUF.CT1CF- YIK.JI ljj
0002 CCHTF. FVP 10(311 ,PM<5(3I I, Pv.nl 31 I .TICE1CC7I .1 1 PF5I 7 I ,T I". 1 (71, 2B
1ENFRGYI 1,7) 3B
CC03 GO TC ( 10.7C.30I . F 4B
CC04 IC Y =TlrFlCIJI if
OC05 RFTU'K 6H
C006 20 Y*TIF5(JI 7B
CC07 RFTCIPK
"
RFI
CC09 30 > = IIHI JI 9B
OOOS RETURN 100
CC10 ENC UP
APPENDIX D.l-3
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h^0^- Hz
FORTRAN IV G LEVFL 18_ MAIN .DATE_=_71056 16/35/41
C ENERGY Ul PLST BE FILLED TO CAPACITY. BLANK CARDS KAY BE USED.
C CATA ARE ARRANGED AS FCLLOhS (Tl EN E R GYU I , I2ISTEP TABLETOENSITIES
C TABLETIK). 13ICENS1TY CF TEST HATER! AL-C6KSOC I , (41 X AXIS' ._ _
C LGG EXPCSLRE IXXXNH), 151 Y AXIS - DENSITY IYYVI
C ITEMS 3.4.5 HIST BE PRESENT IN THAT ORDER FCR EACH WAVELENGTH PLOT DESIRED
0001
0003
0004_
OOOS
_C004_
0007
0008
0004
0010
C ONE ENERGY ARRAY ANO ONE TABLET ARRAY RECUIRED PER 31 DENS ARRAYS
C ONE PENS CARC. CNE X AXIS. CNE Y AXIS FOR EACH PLCT
COMMCN EF.ERGYI31I, TABLET (171,CENS(17I,EXPLCG(17I
CALL PLC10P I'.SE 2C SQUARES/INCH, BLACK INK'.3C1
CALL "PL'CTCP OPOSITICN PEN TERC INCHES FROM RIGHT",
20 CO TC N=l,4
READ I5.1CCENC-101ENERGV
ICO FCRPATI6F1C.7)
REAC 15,1011 TABLET
101 FCRMATI1 7F4 .J
CD 6C J"l,"31
CC 5C K=1.17
1_
IC
11
0011
0012
EXPLCG(m=ALCGlCIENERGY(JII-TAeLET(K)
50 CCNTINUE
12
13
ooii"
001*
6015
0016
REACI5,1C1,END=10) DENS
CALL GPLCT IEXPLOG ,CENS. 17.1 . IC. 10. .-20,14 ,5 I
3 )
14
15
CALL PLCT Ill.iO
6C CCNTINLE
0C17
0018
70 CCNTINUE
10 CALL FLCT I0..0..5SSI
16
-V.
18
C020
STOP
ENO
20
21
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APPENDIX E-14. ENTRANCE AND EXIT SLIT ADJUSTMENT
(SLIT HEIGHT ADJUSTMENT-TOP, SLIT
WIDTH ADJUSTMENT- BOTTOM)
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